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© White balance control circuit in an image pickup apparatus. 
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© In controlling the gain of plural color signals, for 
the purpose controlling the white balance of a video 
signal released from an image pickup device and 
including the above-mentioned plural color signals, 
there is provided a calculation circuit for calculating 
color temperature information according to the plural 
color signals and forming a gain control signal ac- 
cording to the color temperature information, and the 
variable range of the gain control signal is set at one 
of mutually non-overlapping plural ranges, whereby 
the correction error of the white balance is rendered 



visually inconspicuous. 

Also in the calculation circuit, the plural color 
information are weighted according to the result of 
multiplication of plural coefficients which are variably 
set according to the mutually different plural hue 
components of the video signal, and the gain control 
signal is calculated according to thus weighted plural 
color information, whereby the white balance is stab- 
ly controlled despite of the movement of object, 
variation in image frame or variation in color tem- 
perature. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an image pic- 
kup apparatus such as a video camera or an elec- 
tronic still camera, and more particularly to the 
white balance control function thereof. 

Related Background Art 

A video camera or the like usually incorporates 
a white balance correcting device, in order to ob- 
tain an appropriate balance of different colors at 
the image taking operation. Fig. 1 is a block dia- 
gram of a video camera including an automatic 
white balance correcting device, disclosed in a 
patent application of the present applicant. There 
are shown an image pickup device 1; a circuit 2 for 
generating luminance and chromaticity signals; 
gain control circuits 3, 4 respectively inserted in 
red (R) and blue (B) signal lines; a color difference 
signal generating circuit 5; an encoder 6; gate 
circuits 7, 8; an (R - B) signal detection circuit 9; an 
averaging circuit 10; a differential amplifier 11; a 
limiting circuit 12; a tracking correction circuit 13; 
and a lens 15, wherein the gain control circuits 3, 4 
and the circuits 7 to 13 constitute an automatic 
white balance correction device 14. 

The above-explained image pickup apparatus 
functions in the following manner. Light entering 
the image pickup device 1 is photoelectrical^ con- 
verted therein, and the obtained signal is supplied 
to the luminance signal-chromaticity signal generat- 
ing circuit 2, which generates a high frequency 
component YH of the luminance signal, a low fre- 
quency component YL of the luminance signal, a 
red signal (R) and a blue (B) signal. Among these 
signals, the R and B signals are respectively am- 
plified in the gain control circuits 3, 4, according to 
the characteristics controlled by control signals 
from the tracking correction circuit 13, to provide 
color signals R\ B* which are supplied, together 
with a luminance signal YL, to the color difference 
signal generation circuit 5 for generating color dif- 
ference signals (R - YL) and (B - YL). Said color 
difference signals are supplied, together with a 
luminance signal YH, to the encoder 6 for conver- 
sion into a standard television signal. Said color 
difference signals (R - YL) and (B - YL) are also 
supplied to the automatic white balance correction 
device 14. In said device, the color difference sig- 
nals are respectively supplied to the gate circuits 7, 
8 for eliminating an unnecessary signal in the blan- 
king period, an abnormal color difference signal 
resulting from a signal saturation for a high lu- 
minance object etc. 



The signals released from said gate circuits 7, 
8 are supplied to the (R - B) signal detection circuit 
9, which generates an (R - B) signal by calculating 
the difference of the (R - YL) and (B - YL) signals 
5 from the gate circuits 7, 8. The averaging circuit 10 
averages the (R - B) signal from the (R - B) signal 
detection circuit 9, thereby obtaining a DC signal. 
The differential amplifier 11 compares the output 
signal level from the averaging circuit 10 with a 
w reference voltage V ref1 , and generates a signal cor- 
responding to the difference, for supply to the 
limiting circuit 12, which limits the level of the 
output signal from the amplifier 11 within a range 
between V 2r and V 3r , respectively corresponding to 
75 the upper and lower limits of color temperature, in 
order that the white balance is controlled within a 
practical color temperature range (for example 
2000° to 10000°K). Thus the output from the 
limiting circuit 12 is limited within the range from 
20 V 2r and V 3r . 

The output signal of the limiting circuit 12 is 
supplied to the tracking correction circuit 13, in 
response, provides the gain control circuits 3, 4 
with control signals R^,, B cont for controlling the 
25 gains of the gain controlling circuits 3, 4 so as to 
correct the white balance, namely for reducing the 
(R - B) signal component of the object to zero. 

In the following there will be explained an ex- 
ample of the relation between the signals R cont , 
30 B cont and the color temperature, with reference to 
Figs. 2 and 3. 

In a vector chart shown in Fig. 3, points X1, X2 
and X3 respectively correspond to white color at 
6000 °K, 2000 'K and 10000*K. If the control sig- 
35 nals R contl B conl have voltages V 1r , V 1b 
corresponding to X1 as shown in Fig. 2, said con- 
trol signal will have voltages V 2r , V 2b for correcting 
X2 toward the center of the vector chart, and 
voltages V 3r , V 3b for correcting X3 toward said 
40 center. 

Since the control signals Rcont, B cont are limited 
to V 3r , V 3b , an image corresponding to a ponit X4 in 
Fig. 3 cannot be corrected to the center X1 of the 
vector chart even under the function of the white 
45 balance correcting device. 

Since the automatic white balance correction 
device 14 has a negative feedback loop explained 
above, color difference signals with a white balance 
can be supplied to the encoder 6 within a practical 
so color temperature range. 

However the above-explained conventional 
white balance correction device has been asso- 
ciated with a drawback of generating an error in the 
white balance correction in case the distribution of 
55 color temperature of the object is not uniform or in 
case the object contains a large proportion of mon- 
ochromatic area of a high saturation. In the follow- 
ing there is shown a representative example of 
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such drawback. In the following description, for the 
purpose of simplicity, the gain of the gain control 
circuits 3, 4 shown in Fig. 1 is assumed to be 
unity. 

As an example of the above-mentioned s 
drawback, there will be explained a case of taking 
white balance on an object 1 shown in Fg. 4, 
composed of white color by 50 % and blue color 
by 50 %. 

It is assumed that the object 1 is illuminated u 
with light of a high color temperature, for example 
of 9000 ° K. In Fig. 6, V 4r , V 4b indicate the values of 
the control signals R cont , B cont for bringing the white 
point to the center of the vector chart shown in Fig. 
5. When the object 1 is taken with the properly 75 
corrected white balance at R cont = V 4r and B con1 = 
V 4b , the white color and the blue color are respec- 
tively positioned at W 0l Bo in Fig. 5. 

If the conventional white balance correction de- 
vice 14 is activated in this state, the negative 20 
feedback loop thereof so functions as to reduce the 
(R - B) signal component of the object to zero, as 
explained before. Consequently, on the vector chart 
shown in Fig. 5, the white and blue points are 
moved upwards, parallel to the (R - B) axis (namely 25 
perpendicularly to a line R - B = 0). Thus, when 
the negative feedback operation becomes stable, 
and if the limiting circuit 12 is assumed inactive, 
the white and blue points finally stay at positions 
Wl Bi satisfying a condition: line segment B0B1 30 
= line segment BiA = line segment W 0 W1 , 
wherein the line segment Bo A is parallel to the (R - 
B) axis, and the point A is on a line R - B = 0 
which passes through the original point W 0 and is 
perpendicular to the (R - B) axis. The upward 35 
movements of the white and blue points in Fig. 5 
correspond to increases in the control signals Room 
and B cont , and the signals Rc 0n! , B cont required to 
move the white and blue points to W1 , Bt are V 7r , 
V 7b in Fig. 6. ' 4Q 

In practice, however, the control signals R^, 
B C oni are limited respectively to V 3r , V 3b by the 
function of the limiting circuit 12, so that, after the 
correction of white balance, the white and blue 
points do not move to Wi, B1 on Fig. 5 but 45 
respectively remain at W 2 , B 2 . The aberrations of 
the white point W 2 and the blue point B 2 respec- 
tively from Wo, Bo (lengths of line segments W 0 W 2 
and B 0 B 2 ) in this state are respectively defined by 
the differences of the signals R cont , B cont from the 50 
ideal values, namely (V 3r - V 4r ) and (V 3b - V 45 ). 

In this case, the control singals Rc 0n1 , B cont 
which should read V 7r , V 7b as explained above, are 
limited to V 3r , V 3b by the effective function of the 
limiting circuit 12, so that the aberrations of the 55 
white point W 2 and the blue point B2 from W 0 , B 0 
do not become excessively large. 



However the limiting circuit 12 does not func- 
tion effectively for example in the following two 
cases, and the correction error of the white balance 
becomes not negligible in such situations. 

(1) Let us consider a situation where the object 
1 is illuminated with light of a low color tempera- 
ture, for example of 2000 0 K. In such state the 
values of the control signals FUh. B cont which 
bring the white point to the center of the vector 
chart shown in Fig. 5 are V 2r , V 2b as shown in 
Fig. 6. On the other hand, if said object 1 is 
taken under the function of the white balance 
correction device 1 4, the negative feedback loop 
thereof functions so as to reduce the (R - B) 
signal component of the object to zero, as ex- 
plained before. Consequently, when said nega- 
tive feedback operation is stabilized, the white 
and blue points eventually reach, as in the fore- 
going example, positions \N U Bt satisfying a 
condition: line segment W0W1 = line segment 
BtA = line segment B0B1. 

In this state, the signals Rc om , B cont released 
from the white balance correction device 14 
have values V 5r , V 5b shown in Fig. 6. 

Thus, since the control signals R^,, B^ 
from the white balance correction device 14 are 
V 5r , V 5b instead of proper V 2r , V 2b , the white and 
blue points on Fig. 5 are aberrated from W 0 , B 0 
by line segments W 0 Wi and B0B1 
corresponding to the differences (V 5r - V 2r ) and 
(V 5b - V 2b ) in said control signals. In this case, 
since there is no limit for preventing the control 
signals Rc onU B com from increasing to V 5r? V 5b , 
the white and blue points W1 , B1 are aberrated 
from the properly corrected positions W 0 , B 0 
more significantly than in the foregoing example, 
so that the originally white area appears as pale 
orange while the originally blue area appears as 
pale blue. 

(2) Also an object 2 consisting of a white area 
by 50 % and a yellow area by 50 % as shown 
in Fig. 7 leads to the following drawback. 
It is assumed that said object 2 is illuminated 
with light of a high color temperature, for example 
of 9000 • K. In such state, the values of the control 
signals Rc 0n1 , B cont bringing the white point to the 
center of a vector chart shown in Fig. 8 are V 4r , V 4b 
shown in Fig. 6. Thus, when the object 2 is taken 
with the proper white balance correction at Rc 0n t = 
V 4r and B cont = v 4b , the white and yellow points 
appear at W 0 , Ye 0 shown in Fig. 8. 

If the white balance correction device 14 is 
activated in this state, the negative feedback loop 
thereof so functions as to reduce the (R - B) signal 
component of the object to zero, so that the white 
and yellow points -eventually reach positions W 3 
and Yei satisfying a condition: line segment W 0 W 3 
= line segment Yei B = line segment YeoYei, 
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when said negative feedback operation is stabi- 
lized. 

In this state, the control signals Rcont, B con1 
released from the white balance correction device 
14 have values V 6ri V 6b shown in Fig. 6. 

Thus, since the control signal Rc 0nt , B conI from 
the white balance correction device 14 are V 6r , V 6b 
instead of proper V 4r , V 4b , the white and yellow 
points on Fig. 8 are aberrated from Wo, Yeo by line 
segments W 0 W 3 and Ye 0 Yei corresponding to the 
differences (V 6r - V 4r ) and (V 6b - V 4b ) in said control 
signals. In this case, since there is not limit for 
preventing the control signals R CO nt> B con , from de- 
creasing to V 6r , V 6b( the white and yellow points 
Wi, Yei are aberrated from the properly corrected 
positions W 0 , Yeo significantly as in the foregoing 
case (1), so that the originally white area appears 
bluish and the originally yellow area appears paler. 

Fig. 9 shows the configuration of an image 
pickup apparatus capable of further reducing the 
undesirable influence of a single object of high 
saturation on the white balance control. In Fig. 9, 
same components as those in Fig. 1 are repre- 
sented by same numbers. 

The image pickup apparatus shown in Fig. 9 is 
designed to only extract signals suitable for white 
balance control. 

Fig. 10 is a color difference vector representa- 
tion of the color video signal, for explaining the 
signals extracted in the apparatus of Fig. 9. If a 
color video signal obtained by taking a white object 
at a color temperature of 10000* K with appropriate 
white balance corresponds to a point PO, a color 
video signal obtained from the same object taken 
at a color temperature of 3000 * K corresponds to a 
point P1 . 

On the other hand, if a color video signal 
obtained by taking the white object at a color 
temperature of 3000 °K with appropriate white bal- 
ance corresponds to the point P0, a color video 
signal obtained from the same object at a color 
temperature of 10000° K corresponds to a point P2. 

Thus, the color of the color video signal varies 
along a thick line A in Fig. 10 when the white 
object changes in the color temperature. 

When this color difference vector is represent- 
ed in a two-dimensional coordinate system: 

X = (R - Y) - (B - Y) = R - B 

y = (R - Y) + (B - Y) = R + B - 2Y, 

y-coordinate is little affected by the color tempera- 
ture, and x-coordinate alone varies by the color 
temperature. 

Let us consider, then, to control the white bal- 
ance in a color temperature range of 3000° to 
10000*K as explained above. The variation of a 
white or almost white object, in response to a 



change in the color temperature of 3000 to 
10000°K, can be anticipated within a range (c 2 x 
£ d) in the x-direction and a range (a £ y £ b) 
around the thick line A in the y-direction, or a 
5 hatched area SI in Fig. 10. 

The image pickup apparatus shown in Fig. 9 is 
designed according to such concept, and the func- 
tion of said apparatus will be explained in the 
following. 

io Light from an object, entering through a lens 

21 and an iris (diaphragm) 22 is photoelectrical^ 
converted in an image pickup device 1, and a 
signal obtained by said photoelectric conversion is 
supplied to a luminance signal/chromaticity signal 

75 generating circuit 2, which generates a high fre- 
quency component YH and a low frequency com- 
ponent YL of Y signal, an R signal and a B signal. 
Among these signals, the R and B signals are 
respectively supplied to gain control circuits 3, 4. 

20 The gain control circuits 3, 4 respectively am- 

plify the R and B signals with gains determined by 
control signals Rcont. B cont supplied from an auto- 
matic white balance correction circuit 38, thus re- 
leasing gain controlled signals R\ B\ 

25 The R' and B' signals are supplied, together 

with the YL signal, to a color difference signal 
generating circuit 5, which generates two color 
difference signals (R - Y) and (B - Y). Said color 
difference signals are supplied, together with the 

30 YH signal, to an encoder 6 for conversion into a 
standard television signal, which is released from a 
terminal 23. 

* The color difference signals (R - Y), (B - Y) are 
also supplied to said automatic white balance cor- 
35 rection circuit 38. which will be explained in the 
following. 

The color difference signals (R - Y), (B - Y) are 
respectively supplied to clamping circuits 27, 28 for 
matching the DC level thereof. Thereafter said sig- 

40 nals are supplied to a subtraction circuit 29 and an 
addition circuit 30. The subtraction circuit 29 cal- 
culates the difference of the color difference sig- 
nals (R - Y), (B - Y) from the clamping circuit 27, 
28, thereby generating the above-mentioned signal 

45 x (= R - B). On the other hand, the addition circuit 
30 calculates the sum of said signals thereby gen- 
erating the above-mentioned signal y (= R + B - 
2Y). 

Comparators 31 , 32 compare the y signal with 
50 reference levels corresponding to a, b in Fig. 10. 
The comparator 31 releases a low (L) or high (H) 
level output signal for supply to an OR circuit 33, 
respectively if a £ y or a < y. The comparator 32 
releases a low or high level output signal respec- 
55 tively if y £ b or y < b. Consequently the output of 
the OR circuit 33, controlling a gate circuit 34, 
assumes a low level state only when the y signal is 
in a range a £ y £ b, but otherwise assumes a high 



4 



7 



EP 0 530 793 A2 



8 



level state. 

On the other hand, the x signal released from 
the subtraction circuit 29 is intercepted or transmit- 
ted by the gate circuit 34 respectively when the 
output signal of the OR gate 33 is the high or low 
level state. Thus the output signal from the gate 
circuit 34 is supplied to a control signal generating 
circuit 36 t after clipping of portions c < x and d > x 
by a clipping circuit 35. 

The control signal generating circuit 36 gen- 
erates a correction signal 2 for controlling the gain 
control circuits 3, 4 in such a manner that the 
average of the input signal becomes equal to a 
reference potential, corresponding to a state with 
white balance. 

The correction signal 2 is supplied to a tracking 
correction circuit 13, and is corrected therein so as 
to effect white balance control along the trajectory 
of the color video signal responding to the change 
of color temperature, thereby providing the control 
signals Rcont and B conl , which control the gains of 
the gain control circuits 3, 4. 

In the image pickup apparatus of the above- 
explained configuration, since the signal x from the 
subtractor 29 is extracted only when the signal y is 
positioned within a range b < y ^ a, so that the 
white balance control signal 2 is not affected by a 
colored object portion. Also thus extracted signal x 
is limited within a predetermined range by the 
clipping circuit, and is prevented from unnecessary 
gain control. Based on these facts, the white bal- 
ance correction can be attained without the influ- 
ence of the colored objects. 

However, in the above-explained image pickup 
apparatus shown in Fig. 9, the colored and color- 
less objects are clearly distinguished by a pre- 
determined boundary, and, whether the white bal- 
ance can be attained depends on a slight dif- 
ference in the saturation or hue. Also the hue of the 
output color video signal may vary by a slight 
change of the object. 

For example, in case the object is composed 
of orange and blue colors, the color difference 
vectors for range and blue respectively correspond 
to points Pa and Pb shown in Fig. 11. Since these 
points are both positioned within the above-men- 
tioned hatched area SI, the white balance becomes 
stabili2ed in this state. However, if the orange color 
difference vector varies to a point Pa* outside said 
hatched area SI in Fig. 11, the signal from the 
original object portion is reflected in the white bal- 
ance correction. 

Consequently the white balance correction is 
conducted solely with the blue object portion, 
whereby the color difference vector representing 
the blue object portion is shifted from the point Pb 
to Pb', and the white balance becomes aberrated. 
This means that the white balance correcting func- 
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tion is significantly affected by a slight change in 
the hue, resulting from a variation in the image 
frame at the phototaking operation, a fluctuation 
among the cameras or a movement of the object. 
5 The white balance correction is required for 

responding to the variation in the color tempera- 
ture, but the range of video signal corresponding to 
a nearly white object also varies with such variation 
of the color temperature. Since the image pickup 
70 apparatus shown in Fig. 9 only employs the signals 
within the hatched area SI for white balance correc- 
tion, the video signal corresponding to a same 
object may be employed or not for white balance 
correction, depending on the color temperature. 
15 For this reason, the white balance correction 

may become different from the desired correction, 
depending on the color temperature. More specifi- 
cally, depending on the color temperature, a col- 
ored object may have a color difference vector 
20 within the hatched area. For example, under illu- 
mination of a high color temperature, the light from 
the object tends to have a color difference vector 
with an enhanced blue component, whereby the 
color difference vector of a reddish object often 
25 enters the hatched area, and said reddish color is 
not reproduced but appears in faded state. Simi- 
larly, under a low color temperature, the bluish 
colors appear faded. 

30 SUMMARY OF THE INVENTION 

In consideration of the foregoing, an object of 
the present invention is to provide an image pickup 
apparatus with white balance controlling function 
35 capable of resolving the above-mentioned 
drawbacks. 

Another object of the present invention is to 
provide an image pickup apparatus capable of 
white balance control providing little visual error in 
40 white balance correction and matching the object 
to be taken. 

The above-mentioned objects can be attained, 
according to an embodiment of the present inven- 
tion, by an image pickup apparatus comprising: 
45 a) image pickup means for forming, from the 
light coming from an object, a video signal in- 
cluding plural color singals; 

b) gain control means for receiving a gain con- 
trol signal, and controlling the gains of said 

so plural color signals according to said gain con- 
trol signal; and 

c) calculation means for calculating color tem- 
perature information relative to the color tem- 
perature, based on said plural color signals, and 

55 forming said gain control signal according to 
said color temperature information; 

wherein said calculation means includes 
range setting means for setting the variable 

5 
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range of said gain control signal, at either one of 
mutually non-overlapping plural ranges. 
Still another object of the present invention is 
to provide an image pickup apparatus capable of 
stable white balance control.which is not affected 
by the image frame at the phototaking operation, 
movement of the object or a slight change in the 
color temperature and not influenced by the object. 

The above-mentioned object can be attained, 
according an embodiment of the present invention 
by an image pickup apparatus, comprising: 

a) image pickup means for forming, from the 
light coming from an object, a video signal in- 
cluding plural color signals; 

b) gain control means for receiving gain control 
signals, and controlling the gains of said plural 
color signals according to said gain control sig- 
nal; and 

c) calculation means for forming said gain con- 
trol signal according to plural color information 
relating to said plural color signals; 

wherein said calculation means includes 
weighting means for weighting said plural color 
information with a coefficient which is deter- 
mined by the value of said plural color signals 
and which can assume at least three values, and 
calculates said gain control signal, according to 
said plural color information weighted by said 
weighting means. 
Still other objects of the present invention, and 
the features thereof, will become fully apparent 
from the following detailed description of the em- 
bodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional 
image pickup apparatus; 

Fig. 2 is a chart showing the relation between 

the color temperature and a gain control signal 

in the apparatus shown in Fig. 1; 

Fig. 3 is a vector chart showing the function of 

the apparatus shown in Fig. 1 ; 

Fig. 4 is a view showing an example of the 

object; 

Fig. 5 is a vector chart showing the function of 
the apparatus shown in Fig. 1, in response to 
the object shown in Fig. 4; 

Fig. 6 is a chart showing the detailed relation 
between the color temperature and a gain con- 
trol signal in the apparatus shown in Fig. 1; 
Fig. 7 is a view showing another example of the 
object; 

Fig. 8 is a vector chart showing the function of 
the apparatus shown in Fig. 1, in response to 
the object shown in Fig. 7; 

Fig. 9 is a block diagram showing another con- 
ventional image pickup apparatus; 



Fig. 10 is a color difference vector chart show- 
ing a white discrimination area in the image 
pickup apparatus shown in Fig. 9; 
Fig. 11 is a chart showing a drawback in the 
apparatus shown in Fig. 9; 

Fig. 12 is a block diagram of a first embodiment 
of the image pickup apparatus of the present 
invention; 

Fig. 13 is a flow chart showing the control se- 
quence of a correction signal calculation unit in 
the apparatus shown in Fig. 12; 
Fig. 14 is a chart showing the relation between 
the color temperature and a gain control signal 
in a data table provided in a microcomputer of 
the apparatus shown in Fig. 12; 
Fig. 15 is a chart showing the relation between 
the output of an iris position detector and the 
luminance in the apparatus shown in Fig. 12; 
Fig. 16 is a flow chart showing the control se- 
quence of a correction signal limiting unit in the 
apparatus shown in Fig. 12; 
Figs. 17 and 18 are vector charts showing a 
white balance correcting operation in the ap- 
paratus shown in Fig. 12; 

Fig. 19 is a chart showing the relation between 
the output of an iris position detector and a 
luminance coefficient in a second embodiment 
of the present invention; 

Fig. 20 is a view showing a data table represent- 
ing the function of a correction signal limiting 
unit in the second embodiment of the present 
invention; 

Fig. 21 is a block diagram of a third embodi- 
ment of the image pickup apparatus of the 
present invention; 

Fig. 22 is a block diagram showing an essential 
part of a fourth embodiment of the image pickup 
apparatus of the present invention; 
Fig. 23 is a chart showing the function of an iris 
position detector in the image pickup appaaratus 
shown in Fig. 22; 

Figs. 24, 25 and 26 are charts showing the 
function of determining the weighting coefficient 
in the image pickup apparatus shown in Fig. 22; 
Fig. 27 is a view showing the effect resulting 
from the determination of the weighting coeffi- 
cient in the image pickup apparatus shown in 
Fig. 22; 

Fig. 28 is a chart showing the determination of a 
determining factor of the white discrimination 
area in the image pickup apparatus shown in 
Fig. 22; 

Fig. 29 is a chart showing the setting of another 
determining factor of the white discrimination 
area in the image pickup apparatus shown in 
Fig. 22; and 

Figs. 30, 31 and 32 are color difference vector 
charts showing the change in the white discrimi- 
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nation area in the image pickup apparatus 
shown in Fig. 22. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now the present invention will be clarified in 
detail by preferred embodiments thereof shown in 
the attached drawings. 

[1st embodiment] 

Fig. 12 is a block diagram of an image pickup 
apparatus including an automatic white balance 
correction circuit, constituting a first embodiment of 
the present invention. In Fig. 12, components same 
as or equivalent to those in the conventional ap- 
paratus shown in Fig. 1 or 9 are represented by 
same symbols, and will be omitted from the follow- 
ing description. 

In Fig. 12, there are provided an A/D converter 
50 for converting an analog luminance signal YH to 
a digital signal; an A/D converter 51 for converting 
an analog (R - YL) signal into a digital signal; an 
A/D converter 52 for converting an analog (B - YL) 
signal into a digital signal; an A/D converter 53 for 
converting an analog output signal of an iris posi- 
tion detector 40, to be explained later, into a digital 
signal; a correction signal calculation unit 54 for 
calculating the (R - B) signal component of the 
object by eliminating unnecessary signals during 
the blanking period and the abnormal signals in the 
high luminance areas, based on the data from the 
A/D converters 50, 51, 52, 53, and calculating a 
digital value for bringing the (R - B) signal compo- 
nent; a correction signal limiting unit 55 for limiting 
the output data from the correction signal calcula- 
tion unit 54, based on the iris position data from 
the A/D converter 53; a D/A converter 56 for con- 
verting the digital signal from the correction signal 
limiting unit 55 into an analog signal constituting 
the control signal Rcon,; and a D/A converter 57 for 
converting the digital signal from the correction 
signal limiting unit 55 into an analog signal con- 
stituting the control signal B conl . These components 
50 - 57 are constructed in the microcomputer 60. 
The iris position detector 40 is composed for ex- 
ample of a Hall element. 

In the following there will be explained the 
function of the correction signal calculation unit 54. 
Said calculation unit 54 receives data YHD digitized 
from the signal YH in the A/D converter 50, data 
RYD digitized from the signal (R - YL) in the A/D 
converter 51, and data BTD digitized from the 
signal (B - YL) in the A/D converter 52. These A/D 
converters 50 - 53, capable of high-speed function, 
can finely digitize the input signals. Also since the 
microcomputer 60 receives the synchronization sig- 



nals from a synchronization signal generator 70, 
the correction signal calculation unit 54 can elimi- 
nate the unnecessary signals during the blanking 
period and the abnormal signals in the high lu- 
5 minance areas, and can calculate the (R - B) signal 
component of the object. Furthermore, the micro- 
... computer 60 is provided therein with a data table 
as shown in Fig. 14, and can calculate the white 
balance correction data by comparing the (R - B) 

70 signal component with data corresponding to V ref1 
in Fig. 1, based on said data table, thereby sending 
the control signals Rcont. B cont to the correction 
signal limiting unit 25. 

The function of said correction signal calcula- 

75 tion unit 54 will be further clarified, with reference 
to a flow chart shown in Fig. 13. 

At first in a step S100, the YHD signal from the 
A/D converter 50 is fetched in the correction signal 
calculation unit 54. In a step S102, the correction 

20 signal calculation unit 54 discriminates whether the 
level of the fetched YHD signal is lower than a 
reference value for high luminance. If the level of 
said YHD signal is at least equal to said reference, 
the sequence proceeds to a step S1 10. 

25 On the other hand, if the step S102 identifies 

that the YHD signal level is lower than said refer- 
ence value, the sequence proceeds to a step S104 
for discriminating whether the function of the entire 
image pickup apparatus is currently in a blanking 

30 period, and, if within a blanking period or not, the 
sequence respectively proceeds to a step S110 or 
S106. 

In the step S106, the correction signal calcula- 
tion unit 54 fetches the RYD and BYD signals from 

35 the A/D converters 51, 52. Then, in a step S108, 
the correction signal calculation unit 54 generates 
the (R - B) signal from the RYD and BYD signals 
fetched in the step S106. 

The step S110 discriminates whether the (R - 

40 B) signal has been generated over the entire image 
frame, and, if not, the sequence returns to the step 
S100 and the sequence of steps S100 to S110 is 
repeated. In case the step S102 identifies that the 
YHD signal level is at least equal to the reference 

45 value for high luminance, or in case the step S104 
identifies that the operation is within a blanking 
period, the sequence skips the steps S106 and 
S108 so that the generation of the (R - B) signal 
over the entire image frame is naturally incomplete 

50 in the step S110. Thus, in case the sequence 
proceeds to the step S110 from the step S102 or 
S104, it returns to the step S100. 

If the step S110 identifies that the (R - B) 
signal has been generated over the entire image 

55 frame, the sequence proceeds to a step S112 for 
comparing the (R - B) signal with V re11 . If the former- 
is larger, indicating that the levels of the control 
singals Room, B con1 have to be lowered in order to 
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correct the white balance, a step S1 1 8 reduces the 
levels of said control signals according to the data 
table shown in Fig. 14, and the sequence proceeds 
to a step S120. 

On the other hand, if the step S112 identifies 
that the (R - B) signal does not exceed V ref1 , a step 
Si 14 discriminates whether the (R - B) signal is 
smaller than V re n- If the step S114 identifies that 
the (R - B) signal is smaller than V re », signifying 
that the levels of the control signals Rcom. B con t 
have to be elevated for correcting the white bal- 
ance, a step S116 elevates the levels of said con- 
trol signals according to the data table shown in 
Fig. 14. 

Also if the step S114 identifies that the (R - B) 
signal is at least equal to V re11l the (R - B) signal 
level is equal to V re n, so that the sequence pro- 
ceeds directly to the step S120. 

The step S120 releases the set data of the 
control signals R CO nt. B cont to the correction signal 
limiting unit 55, and the function of the correction 
signal calculation unit 54 is terminated. 

In the following there will be explained the 
function of the correction signal limiting unit 55. 

The correction signal limiting unit 55 receives a 
signal of which level is high or low respectively 
when the iris is fully open or closed, as shown in 
Fig. 15, from the iris position detector 40, after 
digitization in the A/D converter 53. According to 
the level of said signal, the control signals Rcont, 
B C ont received from the correction signal calculation 
unit 54 are limited. 

In general, when the color temperature is high, 
the light source is often outdoor daytime solar light, 
with a high luminance. On the other hand, when the 
color temperature is low, the light source is often 
indoor light of an incandescent lamp or solar light 
at sunset, with a low luminance. 

Utilizing these facts, the correction signal limit- 
ing unit 55 functions according to a flow chart 
shown in Fig. 16. 

At first in a step S200, the correction signal 
limiting unit 55 fetches a signal, Vi, digitized in the 
A/D converter 53, from the output signal of the iris 
position detector. In a step S201, the correction 
signal limiting unit 55 fetches the control signals 
Rcont. B cont released from the correction signal cal- 
culation unit 54. 

A step S202 discriminates whether the signal 
Vi is larger than Vi! shown in Fig. 15. If Vi is larger 
than Vi! , indicating that the iris is widely open, the 
object is estimated to have a low luminance and a 
low color temperature. Thus the sequence pro- 
ceeds to a step S210 for limiting the levels of the 
control signals Rc 0n t. B con t within an area 1 shown 
in Fig. 14, then to a step S212. On the other hand, 
if the step S202 identifies that Vi is equal to or 
smaller than Vii , the sequence proceeds to a step 



S204. 

The step S204 discriminates whether Vi is 
smaller than Vi 3 shown in Fig. 15, and, if not, the 
sequence proceeds to a step S208 for limiting the 
s levels of the control signals Rcon,, B cont within an 
area 2 shown in Fig. 14 and then to a step S212. If 
the step S204 identifies that Vi is still smaller than 
Vi 3 , indicating that the aperture of the iris is very 
small, the object can estimated to have a high 
70 luminance and a high color temperature. Thus the 
sequence proceeds to a step S206 for limiting the 
levels of the control signals R CO nt. B cont within an 
area 3 shown in Fig. 14, and then to the step S212. 
The step S212 releases the limited control sig- 
75 nals Rcon,, B C ont to the D/A converters 56, 57, and 
the function of the. correction signal limiting unit 55 
is terminated. * 

Because of tfie above-explained configuration 
and functions, in the aforementioned situation (1), 
20 the correction signal calculation unit 54 releases 
the signals Rc 0nt = V 5r and B con , = V 5b , but if the 
iris position detector releases a value equal to or 
larger than Vii in a low luminance situation, the 
correction signal limiting unit 55 releases the sig- 
25 nals Rcont = V 2r f and B com = V 2b ' due to the 
output limitation within the area 1. These control 
signals are converted into analog signals in the D/A 
converters 56, 57 and supplied to the gaon control 
units 3, 4. This situation will be explained in relation 
30 to a vector chart shown in Fig. 17. 

In response to the object 1 shown in Fig. 4, 
illuminated with an incandescent lamp of a low 
color temperature of 2000 ° K, the correction signal 
calculation unit 54 releases the signals Rcont = v 5r 
35 and B con1 = V 5b for effecting the aforementioned 
correction to achieve a condition: line segment Bi A 
= line segment WoWi. However, because the cor- 
rection signal limiting unit 55 releases the control 
signals Rcon, = V 2r ' and B^ = V 2b \ the white and 
40 blue colors are only corrected respectively to WV 
and Bi, so that the error in correction can be 
significantly reduced in comparison with the con- 
ventional case. 

Also in the aforementioned situation (2), the 
45 correction signal calculation unit 54 releases the 
signals Rc om = V 6r , B con1 = V 6b , but, when the iris 
position detector enters a value equal to or less 
than Vi3 because of a high luminance, the correc- 
tion signal limiting unit 55 releases the signals Rcont 
50 = V 3r , B con t = V 3b , because of the limitation within 
an area 3. Said control signals are converted into 
analog signals by the D/A converters 56, 57 and 
supplied to the gain control units 3, 4. Referring to 
a vector chart shown in Fig. 18, in response to the 
55 object 2 shown in Fig. 5, illuminated with solar light 
of a high color temperature, for example, of 
9000 °K, the correction signal calculation unit 54 
releases the signals R CO nt ~ V 6r , and B cont = V 6 b 
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for effecting the aforementioned correction to 
achieve a condition: line segment Yei B = line 
segment W0W3. However, because the correction 
signal limiting unit 55 releases the control signals 
Rcont = V 3r ' and B con1 = V 3b \ the white and yellow 
colors are only corrected respectively to W 5 and 
Ye2, so that the error in correction can be signifi- 
cantly reduced in comparison with the conventional 
case. 

Also the output of the correction signal limiting 
unit 55 may be given a suitable time constant, in 
order to prevent rapid variation in the output when 
the limiting range varies for example from the area 
3 to 1. In this manner a natural correction can be 
obtained, since the white balance does not vary 
rapidly. 

Though the present embodiment employs 
three areas, it is also possible to utilize more finely 
divided areas. Also sufficient improvement can be 
obtained by employing only two areas. 

[2nd embodiment] 

In the following there will be explained a sec- 
ond embodiment of the image pickup apparatus of 
the present invention, wherein the configuration of 
the apparatus is identical with that in the first 
embodiment, and will not, therefore, be explained 
further. It is different from the first embodiment, in 
the function of the correction signal limiting unit 55. 

This second embodiment is designed to pro- 
vide proper white balance correction for certain 
rare situations which cannot be properly corrected 
by the first embodiment, such as an object of a low 
luminance and a high color temperature (such as 
an outdoor object in the shadow of a tree), or an 
object of a high luminance and a low color tem- 
perature (such as an object illuminated with a halo- 
gen lamp). 

Fig. 19 shows a data table, provided in the 
microcomputer 60 and showing the relation be- 
tween the output data of the iris position detector, 
released from the A/D converter 53, and the lu- 
minance coefficient K. Said coefficient K is zero 
when the luminance is equal to or lower the EV8, 
namely when the output of the iris position detector 
is equal to or higher than Vh, and increases with 
the increase in luminance, reaching a value K5 at a 
luminance equal to or higher than EV12. 

Fig. 20 shows a data table, indicating the func- 
tion of the correction signal limiting unit 55 pro- 
vided in the microcomputer 60. The ordinate of Fig. 
20 indicates the signal R^, while the abscissa 
indicates the sum of the luminance coefficient de- 
termined in Fig. 19 and the white balance correc- 
tion signal R con t. and the control range of the con- 
trol signal R conl is divided into two areas according 
to said sum. In an area A the signal Rc om is 



variable in a range V 2r - V 2r \ and in an area B the 
signal Rc 0 m is variable in a range V 2r - V 3r . The 
control signal B contt corresponding to thus limited 
control signal Rc om , is calculated from the data 
5 table shown in Fig. 14. 

At the start of the white balance correcting 
operation, the signals R con1 , B con t start from initial 
values V 3r , V 3b . 

In the following, the function of two data tables 
10 shown in Figs. 19 and 20, and of the correction 
signal control unit 55 with three examples. 

(Example 1) 

75 In case an entirely white image frame, illumi- 

nated with light of a low luminance and a low color 
temperature (for example less than EV8; 2000 0 K) 
is taken and the white balancing operation is con- 
ducted, the control signal Rc 0nt is initially positioned 

20 at P0 in Fig. 20 (Rc 0nt + K = V 3r , where K = 0). 
Then, when the white balance correcting operation 
is stabilized, the correction signals reach Rcont = 
V 2r , B cont = V 2b at a point P! in Fig. 20 (Rc 0n t + K 
= V 2r , where K = 0). 

25 If blue color is introduced into the object as in 

Fig. 4, the white balance correction signals tend to 
increase to R cont = V 5r , B cont ~ V 5b as explained 
before, but remain at V 2r \ V 2b ' since the maximum 
value of Rcont in the area A is V 2r \ Thus the white 

30 balance correction with little error can be attained 
as in the first embodiment. This situation corre- 
sponds to a point P2 in Fig. 20 (Rc 0n t + K = V 2r \ 
where K = 0). 

35 (Example 2) 

In case a white object of a low luminance and a 
high color temperature (for example less than EV8; 
9000 0 K) is taken and the white balancing operation 

40 is conducted, the control signal Rc 0nt is initially 
positioned at P0 in Fig. 20. When the white balance 
correcting operation is thereafter stabilized, the cor- 
rection signals reach R^, = V 4r , B con t = V 4b to 
provide proper white balance correction, corre- 

45 sponding to a point P3 in Fig. 20 (R cont + K = V 4r ; 
where K = 0). 

(Example 3) 

50 In case a white object of a high luminance and 

a low color temperature (for example equal to or 
higher than EV12; 2000 0 K) is taken and the white 
balancing operation is conducted, the control signal 
Rc 0nt is initially positioned at P0 in Fig. 20. When 

55 the white balance correcting operation is thereafter 
stabilized, the correction signals* reach R conl = V 2r , 
B CO ni = V 2b corresponding to P4 in Fig. 20 (Rc 0nt 
= V 2r , K = K5), thus providing proper white bal- 
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ance correction. 

Thus the white balance correction starts from 
the wider area B, and thereafter enters the nar- 
rower area A according to the condition of the 
object, as shown in the example 1 , thereby reduc- 
ing the error in correction. 

In this embodiment, once the correcting opera- 
tion enters the area A, it does not return to the area 
B unless the luminance coefficient K becomes at 
least equal to K4, or the signal R con t becomes at 
least equal to V 2r ' and the luminance coefficient K 
becomes at least equal to K1. Stated differently, 
the entry into the area B occurs only when the sum 
of the white balance control value and the lu- 
minance coefficient reach a given value. Though 
this embodiment employs two areas, it is also 
possible to a larger number of areas. Also the iris 
position detector 40 may naturally be replaced by 
a luminance sensor capable of detecting the object 
luminance. 3rd embodiment 

Fig. 21 is a block diagram of a third embodi- 
ment of the image pickup apparatus of the present 
invention, wherein the iris position detector 40 is 
replaced by a luminance sensor 45. Limiting cir- 
cuits 12r, 12b are provided for limiting the signals 
Rcont. B cont according to the output of the lumi- 
nance sensor 45. 

Also in this case, the white balance correction 
as in the first embodiment can be attained by 
employing the limiting area 1 shown in Fig. 14 if 
the external luminance is detected equal to or 
lower than EV8, the area 3 shown in Fig. 14 in case 
the external luminance is equal to or higher than 
EV11, and the area 2 otherwise. 

The above-explained embodiment can be 
modified or varied within the spirit and scope of the 
present invention. 

The above-explained first, second or third em- 
bodiment of the image pickup apparatus of the 
present invention limits the control ranges of the 
gains of the different colors according to the lu- 
minance level of the object, thereby reducing the 
.error, namely excessive or deficient correction of 
the white balance even in case the object contains 
a large proportion of a single color, thereby realiz- 
ing visually satisfactory white balance correction. 

[4th embodiment] 

Fig. 22 is a block diagram showing an essential 
part of a 4th embodiment of the image pickup 
apparatus of the present invention, wherein compo- 
nents same as or equivalent to those shown in Fig. 
9 or 12 are represented by same numbers and are 
omitted from the following description. 

In Fig. 22 there are shown a weighting calcula- 
tion unit 64 for receiving the outputs of the afore- 
mentioned A/D converters 50 - 53 and effecting the 



weighting for white balance control as will be ex- 
plained later; a correction signal calculation unit 65 
for receiving a signal from the weighting calculation 
unit 64 and forming control signals for white bal- 
5 ance correction; and D/A converters 56, 57 for 
converting digital correction signal, from the correc- 
tion signal calculation unit, into analog signals. 

The D/A converters 56, 57 supply the gain 
control circuit 3 for controlling the gain of the R 
io signal, and the gain control circuit 4 for controlling 
the gain of the B signal, respectively, with the 
control signals Rcont. B con t- 

The iris position detector 40, consisting for 
example of a Hall element, detects the position of 
75 the iris 22, and releases a signal of which level is 
high or low respectively when the iris is open or 
closed, as shown in Fig. 23, for supply to the A/D 
converter 53. 

The above-mentioned components 64, 65 are 
20 illustrated as hardwares for facilitating the under- 
standing of the present embodiment, but in fact are 
constructed in a microcomputer 61, which receives 
synchronization signals, from the synchronization 
signal generator 70, for addition to the standard 
25 television signal to be released from the terminal 
23, for defining the timings necessary for various 
calculations. 

The weighting calculation unit 64 receives data 
YHD, digitized from the YH signal in the A/D con- 
30 verter 50, data RYD, digitized from the (R - Y) 
signal in the. A/D converter 51 , data BYD, digitized 
from the (B - Y) signal in the A/D converter 52, and 
data IRD released from the iris position detector 40 
and digitized in the A/D converter 53. These A/D 
35 converters 50 - 53, being capable of high-speed 
operation, can digitize the input video signal in 
small area units. 

Also the above-mentioned synchronization sig- 
nals are supplied to the microcomputer 61, and are 
40 utilized in the weighting calculation unit 64 for 
excluding the unnecessary portion of the video 
signal corresponding to the blanking period from 
the calculation process. 

Therefore the weighting calculation unit 64 ef- 
45 fects the calculation utilizing the signals RYD, BYD 
and YHD excluding said blanking period. A further 
detailed explanation will be given in the following 
on the function of said weighting calculation unit 
64. 

50 At first the weighting calculation unit 64 cal- 

culates the x {= R - B) component and y (= R + 
B - 2Y) component in each of the above-mentioned 
small areas, based on the A/D converted RYD and 
BYD signals. 

55 It then determines the weighting coefficient K 

for RYD and BYD, based on said y and x compo- 
nents and the YHD signal. In the present embodi- 
ment, the relation between said weighting coeffi- 
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cient and the y and x components is variably 
determined according to IRD, as will be explained 
later, but in the following there will be explained, for 
the purpose of simplicity, a case in which the IRD 
assumes a standard value IRD2. 

In the present embodiment, said coefficient K 
is given by K = K1 x K2 x K3, wherein the 
coefficient K1 is determined, according to the 
above-mentioned y-component as shown in Fig. 
24, as K1 = 1.0 in a range -L3 ^ y ^ +L1, and 
monotonously decreases within a range from 1 .0 to 
0.0 within ranges of y of -L3 £ y £ -(L3 + LA) or L1 
£ y £ (L1 + L2). Stated differently, the coefficient 
K1 indicates the level of whiteness of the object as 
a function of the y component, the whiteness level 
being higher as the coefficient K1 becomes closer 
to unity. 

Similarly the coefficient K2 is given as a func- 
tion of the x-component as shown in Fig. 25. If the 
x-component is very large or very small, it can be 
considered to be derived from the color of the 
object itself, so that the object can be considered 
not white. Consequently the coefficient K2 is de- 
fined as 1.0 within a range -L7 £ x £ L5, but 
monotonously decreases within a range from 1.0 to 
0.0 within ranges of x of -L7 £ x ^ -(L7 + L8) or L5 
£ x £ (L5 + L6). 

The coefficient K3 is defined as 1 .0 if the level 
of the YHD signal is higher than (L9 + L10) as 
shown in Fig. 26, as the probability of object color 
being white is high. As the YHD signal becomes 
lower than (L9 + L10), the coefficient K3 is monot- 
onously decreased from 1.0 to 0.0 until the YHD 
signal reaches a level L9, since the probability of 
object being white becomes lower. The coefficient 
K3 is defined as 3.0 when the YHD signal is at or 
lower than L9. However, if the YHD is larger than 
(L9 + L10 + L11), it is regarded as an abnormal 
signal, so that coefficient K3 is defined as 0.0. 

In this manner the coefficient K is calculated 
from the coefficients K1, K2 and K3, and utilized 
for weighting the RYD, BYD signals supplied from 
the A/D converters 51, 52. The weighted signals 
RYD', BYD* are given by: 

RYD 1 = K x RYD = K1 x K2 x K3 x RYD 
BYD' = K x BYD = K1 x K2 x K3 x BYD 

In such weighting calculation, the RYD* and 
BYD' become smaller than the original RYD, BYD 
as the absolute values of the x and y components 
become larger, and become closer to the original 
RYD, BYD as the YHD component becomes larger. 

The weighting calculation unit 64 effects such 
weighting on all the RYD and BYD signals on the 
entire image frame, and sends the weighted data 
RYD', BYD' to the succeeding correction signal 
calculation unit 65. 



The correction signal calculation unit 65 aver- 
ages the RYD', BYD* over the entire image frame, 
then compares the obtained average values AVR 
(RYD'), AVR(BYD') with reference values RER, 
5 REB corresponding to a white balanced video sig- 
nal, and calculates the correction signals R con t, 
B C ont for bringing said average values to said refer- 
ence values, for supply to the D/A converters 56, 
57. 

70 A swill be apparent from the foregoing explana- 

tion, the RYD*, BYD' in which any of the coeffi- 
cients K1, K2, K3 is 0 are not used in the calcula- 
tion of the correction signals. This is because the 
influence of data of the white object portion will be 

75 diluted in the white balance determination, if an 
object portion identified as not white is included in 
the average calculation over the entire image 
frame. 

Therefore, in case the A/D conversion is con- 
20 ducted by dividing the entire image frame into N 
portions to obtain N sets of RYD 1 , BYD', including 
M sets of RYD' = BYD' = 0 because of K = 0.0, 
the above-mentioned averages AVR(RYD'), AVR- 
(BYD*) are calculated as follows: 

25 

AVR(RYD') = (RYD'i + RYD*2 + RYD' 3 + ... + 
RYDVi + RYD' N )/(N - M) 

AVR(BYD') = (BYD'i + BYD* 2 + BYD' 3 + ... + 
BYD'km + BYD' N )/(N - M) 

30 

In the following there will be explained the 
advantage of calculating the white balance correc- 
tion singals Rc 0n t. &coni for controlling the gain 
control circuits 3, 4 according to the above-ex- 

35 plained configuration. 

Let us consider a case in which, by taking an 
object consisting of orange color by 50 % and blue 
color by 50 %, there are obtained color difference 
vectors Pa, Pb in white balanced state, as shown in 

40 Fig. 27. However, each color difference vector is 
variable according a slight change in the object as 
explained before, and it is assumed that the color 
difference vector for orange color has varied from 
Pa to Pa'. 

45 In such case, the conventional image pickup 

apparatus shown in Fig. 9 does not extract the 
signal corresponding to the color difference vector 
at Pa, but only extracts the blue signal correspond- 
ing to the vector at Pb and effects the white bal- 

50 ance correction in such a manner that said vector 
for blue signal moves to a point Pb*. For this 
reason, satisfactory white balance cannot be at- 
tained. On the other hand, in the image pickup 
apparatus shown in Fig. 22, the signal correspond- 

55 ing to a color difference vector at Pa* is not com- 
pletely excluded but the weighting coefficient K is 
slightly reduced from 1.0 depending on the white- 
ness level. 
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For example, if the x and y components of said 
point Pa* are respectively x1, y1 shown in Figs. 25 
and 24 and the YHD signal is at YHD1 in Fig. 26, 
the coefficients K1, K2 and K3 are respectively 0.8, 
1.0 and 1.0 so that the coefficient K is equal to 0.8. 
Therefore the RYD, BYD signals corresponding to 
the color difference vector at Pa* is multiplied by 
0.8. Thus the white balance is not significantly 
aberrated, and the orange and blue color difference 
vectors are stabilized respectively at Pa" and Pb 1 *. 

As explained in the foregoing, the image pic- 
kup apparatus of the present embodiment enables 
white balance correction without error even if hue 
varies for example by image framing at the 
phototaking operation, fluctuations among the cam- 
eras or movement of the object. 

In the following there will be explained the 
utilization of output of the iris position detector 40 
in the present embodiment, for variably setting the 
relationship among the weighting coefficient K and 
the y and x components according to IRD. 

As explained in the foregoing, the aberration or 
instability of the white balance resulting from a 
slight change in hue can be alleviated by continu- 
ously varying the coefficients K1 - K3 according to 
the x and y components and the YHD signal. The 
above-mentioned variable setting of the relation 
among the weighting coefficient K and the y and x 
components prevents an error in the white balance 
correction, such as fading of a particular color, on 
objects of colors present in the vicinity of the 
trajectory of color temperature variation. 

In general, if the color temperature is high, the 
light source is often outdoor daytime solar light, 
with a high luminance. On the other hand, if the 
color temperature is low, the light source is often 
an indoor incandescent lamp or the solar light at 
sunset, with a low luminance. Utilizing these faces, 
the weighting calculation unit 64 of the present 
embodiment variably selects the area in which the 
object is identified as white, namely the relationship 
among the weighting coefficient K and the y and x 
components, according to the data IRD digitized 
from the output of the iris position detector 40. 

This variable setting operation will be explained 
in more details, with reference to Figs. 28 to 32. 
The object is identified as white within an area of 
the y and x components defined by -L3 £ y ^ + L1 
and -L7 ^ x ^ + L5, and the parameters L1 , L3, L5, 
L7 are variably set according to IRD. 

Fig. 28 shows the relation among IRD, L5 and 
L7. When IRD becomes larger, namely when the 
iris 22 approaches the open state, L5 is increased 
while L7 is decreased. 

The relation among IRD, L1 and L3 is shown in 
Fig. 29, in which the abscissa indicates the x 
component while the ordinate indicates the lengths 
of L1, L3. As IRD increases, L1 and L3 become 



smaller in the negative region of the x component 
and larger in the positive region. 

Figs. 30 to 32 show the change of the area in 
which the object is identified as white, respectively 
5 at a large IRD value (IRD3), a standard IRD value 
(IRD2) and a small IRD value (IRD1). In fact said 
area varies continuously from the state shown in 
Fig. 30 to that in Fig. 32, according to the IRD 
value. 

70 As will be apparent from Figs. 28 to 32, in a 

low luminance situation, the apparatus of the 
present embodiment increases L5 and also in- 
creases L1 and L3 in the positive region of the x- 
component, thereby fetching a larger proportion of 

75 the signals with orange or red color difference 
vectors into said area of identifying the white ob- 
ject, thus preventing the fading of blue objects. 

On the other hand, in a high luminance situ- 
ation, where IRD becomes smaller, the present 

20 embodiment reduced L5 and increases L1 and L3 
in the negative region of the x component, thereby 
fetching a larger proportion of the signals with blue 
color difference vectors into said area, thus pre- 
venting the fading of orange or red objects. 

25 Also since said area in which the object is 

identified as white is variably set according to the 
luminance of the object, said area varies in the 
course of a phototaking operation, following the 
change in the color temperature in said operation. 

30 It is therefore rendered possible to prevent a phe- 
nomenon that the color difference vector of a same 
object fluctuates between inside and outside said 
area, and the control operation for white balance 
can therefore be stabilized. 

35 As explained in the foregoing, the image pic- 

kup apparatus of the present embodiment can 
achieve stable white balance correction without er- 
ror, even in the presence of a slight change in the 
hue of the object at the phototaking operation, by 

40 multiplying the RYD, BYD signals with a continu- 
ously variable coefficient K. Also the variable set- 
ting of the area, in which the object is identified as 
white, according to the luminance of the object 
enables white balance correction which is faithful of 

45 the original colors of the objects without color fad- 
ing phenomenon, and which is stable regardless of 
the eventual change in the color temperature in the 
course of the phototaking operation. 

In the present embodiment, the signals RYD, 

50 BYD are multiplied by the continuously variable 
coefficient K, but stable white balance correction 
without error can be attained by giving at least 
three different values to said coefficient K. 

Also in the present embodiment, the data RYD, 

55 BYD indicating the values of the color difference 
singals R - Y and B - Y are directly multiplied by 
the coefficient K, but it is also possible to obtain a 
similar effect in a configuration in which other color 

12 
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information representing other plural color signals, 
such as x component (= R - B) are multiplied by 
the coefficient K and the white balance correction 
is achieved by said multiplied color information, by 
assigning at least three different values to said 
coefficient K. 

Furthermore, the present embodiment variably 
sets the value of the coefficient K according to the 
values of the x and y components, but the value of 
said coefficient K may be variably set according to 
data corresponding to plural color signals such as 
RYD and BYD. 

Furthermore, the present embodiment variably 
sets the area, in which the object is identified as 
white, according to the iris position, but the variable 
setting of said area may also be achieved accord- 
ing to the YL signal, or another signal indicating the 
luminance, such as the output of an external light 
metering circuit. 

As explained in the foregoing, the fourth em- 
bodiment of the image pickup apparatus of the 
present invention is capable of preventing a large 
fluctuation in the white balance correction resulting 
from a change in the hue of the object, thereby 
achieving stable white balance correction with little 
visual error, by weighting the color information, 
employed in the white balance control, with at least 
three different coefficients determined by the val- 
ues of plural color signals. 

Also the relationship between the weighting 
coefficients, defined for the color information em- 
ployed in the white balance control, and the plural 
color signals is rendered continuously variable ac- 
cording to the luminance of the object. Conse- 
quently the white balance correction is not affected 
by a slight change in the color temperature of the 
light source illuminating the object, but can be 
attained stably with little error such as the fading of 
particular colors. 

In controlling the gain of plural color signals, for 
the purpose controlling the white balance of a 
video signal released from an image pickup device 
and including the above-mentioned plural color sig- 
nals, there is provided a calculation circuit for cal- 
culating color temperature information according to 
the plural color signals and forming a gain control 
signal according to the color temperature informa- 
tion, and the variable range of the gain control 
signal is set at one of mutually non-overlapping 
plural ranges, whereby the correction error of the 
white balance is rendered visually inconspicuous. 

Also in the calculation circuit, the plural color 
information are weighted according to the result of 
multiplication of plural coefficients which are vari- 
ably set according to the mutually different plural 
hue components of the video signal, and the gain 
control signal is calculated according to thus 
weighted plural color information, whereby the 



white balance is stably controlled despite of the 
movement of object, variation in image frame or 
variation in color temperature. 

5 Claims 

1. An image pickup apparatus comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 

w signal including plural color signals; 

b) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 

75 c) calculation means for calculating color 

temperature information relative to color 
temperature, according to said plural color 
signals, and forming said gain control signal 
according to said color temperature infor- 

20 mation, 

wherein said calculation means includes 
range setting means for setting the variable 
range of said gain control signal at one of 
mutually non-overlapping plural ranges. 

25 

2. An apparatus according to claim 1, further 
comprising: 

luminance detection means for generating 
luminance information relative to the luminance 
30 of said object; 

wherein said range setting means is adapt- 
ed to select one of said plural ranges accord- 
ing to said luminance information, and said 
calculation means is adapted to limit said gain 
35 control signal within said selected range. 

3. An apparatus according to claim 2, further 
comprising: 

an iris for limiting the light coming from 
40 the object and entering said image pickup 

means; 

wherein said luminance detection means is 
adapted to generate said luminance informa- 
tion by detecting the state of said iris. 

45 

4. An apparatus according to claim 2, wherein 
said luminance detection means includes a 
luminance sensor for detecting the luminance 
of external light. 

50 

5. An image pickup apparatus comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 
signal including plural color signals; 
55 b) an iris for limiting the light coming from 

the object and entering said image pickup 
means; 
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c) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 

d) calculation means for calculating color s 
temperature information relative to color 
temperature according to said plural color 
signals, and forming said gain control signal 
according to said color temperature infor- 
mation; 70 

wherein said calculation means includes 
limiting means for limiting the variable range 
of said gain control signal, according to the 
state of said iris. 



6. An apparatus according to claim 5, wherein 
said limiting means is adapted to set the vari- 
able range of said calculation means at one of 
mutually different plural ranges. 



8. An apparatus according to claim 7, wherein 
said limiting means is adapted also to limit the 
variable range of said gain control signal. 

9. An apparatus according to claim 7, wherein 
said limiting means is adapted to set the vari- 
able range of said result of calculation at one 
of mutually different plural ranges. 

10. An apparatus according to claim 9, wherein 
said plural ranges do not mutually overlap. 

11. An apparatus according to claim 9, wherein 
said limiting means is adapted also to set the 
variable range of said gain control signal at 



75 



20 



7. An image pickup apparatus, comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 
signal including plural color signals; 

b) luminance detection means for generat- 25 
ing luminance information relative to the lu- 
minance of said object; 

c) gain control means for receiving a gain 
control signal, and controlling the gain of 

said plural color signals according to said 30 
gain control signal; and 

d) calculation means for calculating color 
temperature information relative to color 
temperature according to said plural color 
signals, and forming said gain control signal 35 
according to said color temperature infor- 
mation; 

wherein said calculation means includes 
limiting means for limiting the variable range 
of the result of calculation on data relating 40 
to said gain control signal and data relating 
to said luminance information. 



45 



so 



55 



one of mutually different plural ranges. 

12. An image pickup apparatus, comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 
signal including plural color signals; 

b) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 

c) calculation means for calculating color 
temperature information relative to color 
temperature according to said plural color 
signals, and forming said gain control signal 
according to said color temperature infor- 
mation; 

wherein said calculation means includes 
range setting means for setting the variable 
range of said gain control signal at one of 
mutually different plural ranges, and said 
range setting means is adapted to set the 
variable range of said gain control signal at 
the widest one of said plural ranges, prior to 
the start of function of said calculation 
means. 

13. An apparatus according to claim 1, further 
comprising: 

luminance detection means for generating 
luminance information relative to the luminance 
of said object; 

wherein said range setting means is adapt- 
ed to select one of said plural ranges accord- 
ing to said luminance information, and said 
calculation means is adapted to limit said gain 
control signal within said selected range. 

14. An image pickup apparatus, comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 
signal including plural color signals; 

b) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 

c) calculation means for forming said gain 
control signal according to plural color in- 
formation relative to said plural color sig- 
nals; 

wherein said calculation means includes 
weighting means for weighting said plural 
color information with a coefficient that is 
determined according to the values of said 
plural color signals and that can assume at 
least three values, and is adapted to cal- 
culate said gain control signal according to 
said plural color information weighted by 
said weighting means. 
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21. An apparatus according to claim 20, wherein 
said weighting means is adapted to continu- 
ously vary said plural coefficients according to 
said plural hue components. 

22. An apparatus according to claim 20, wherein 
said video signal further includes a luminance 
signal, and said weighting means is adapted to 
vary said weighting according to the result of 
multiplication of all of a coefficient determined 
according to the value of said luminance signal 
and plural coefficients determined according to 
said plural hue components. 



15. An apparatus according to claim 14, wherein 
said weighting means is adapted to continu- 
ously vary said coefficient according to the 
values of said plural color signals. 

5 

16. An apparatus according to claim 14, wherein 
said video signal further includes a luminance 
signal, and said weighting means is adpated to 
vary said weighting according to the value of 

said luminance signal. ?o 

17. An apparatus according to claim 14, further 
comprising: 

luminance detection means for generating 
luminance information relative to the luminance 75 



of said object; 

wherein said weighting means includes 
varying means for varying the relation between 
the values of said plural color signals and said 
coefficient, according to said luminance infor- 20 
mation, 

18. An apparatus according to claim 17, wherein 
said varying means is adapted to continuously 
vary the relation between the values of said 25 
plural color signals and said coefficient, ac- 
cording to said luminance information. 

19. An apparatus according to claim 17, further 
comprising: 30 

an iris for limiting the light coming from 
the object and entering said image pickup 
means; 

wherein said luminance detection means is 
adapted to generate said luminance informa- 35 
tion by detecting the state of said iris. 

20. An image pickup apparatus comprising: 

a) image pickup means for forming, from 

the light coming from an object, a video 40 
signal including plural color singals; 

b) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 45 

c) calculation means for forming said gain 
control signal according to plural color in- 
formation relative to said plural color sig- 
nals; 

wherein said calculation means includes 50 
weighting said plural color information ac- 
cording to the result of multiplication of plu- 
ral coefficients determined according to mu- 
tually different plural hue components of 
said video signal, and is adapted to cal- 55 
culate said gain control signal according to 
said plural color information weighted by 
said weighting means. 



23. An apparatus according to claim 20, further 
comprising: 

luminance detection means for generating 
luminance information relative to the luminance 
of said object; 

wherein said weighting means includes 
varying means for varying the relation between 
said plural hue components and said coeffi- 
cient according to said luminance information. 

24. An image pickup apparatus, comprising: 

a) image pickup means for forming, from 
the light coming from an object, a video 
signal including plural color signals; 

b) luminance detection means for generat- 
ing luminance information relative to the lu- 
minance of said object; 

c) gain control means for receiving a gain 
control signal and controlling the gain of 
said plural color signals according to said 
gain control signal; and 

d) calculation means for forming said gain 
control signal according to plural color in- 
formation relative to said plural color sig- 
nals; 

wherein said calculation means includes 
weighting means for weighting said plural 
color information with a coefficient deter- 
mined according to the values of said plural 
color signals, and is adapted to calculate 
said gain control signal according to said 
plural color information weighted by said 
weighting means; and 

wherein said weighting means includes 
varying means for varying the relation be- 
tween said plural color signals and said 
coefficient, according to said luminance in- 
formation. 

25. An apparatus according to claim 24, wherein 
said varying means is adapted to cotinuously 
vary the relation between said -plural color sig- - 
nals according to said luminance information. 
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26. An apparatus according to claim 24, further 
comprising: 

an iris for limiting the light coming from 
said object and entering said image pickup 
means; 5 

wherein said luminance detection means is 
adapted to generate said luminance informa- 
tion by detecting the state of said iris. 

70 
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© White balance control circuit in an image pickup apparatus. 



© In controlling the gain of plural color signals, for 
the purpose controlling the white balance of a video 
signal released from an image pickup device and 
including the above-mentioned plural color signals, 
there is provided a calculation circuit for calculating 
color temperature information according to the plural 
color signals and forming a gain control signal ac- 
cording to the color temperature information, and the 
variable range of the gain control signal is set at one 
of mutually non-overlapping plural ranges, whereby 
the correction error of the white balance is rendered 



visually inconspicuous. 

Also in the calculation circuit, the plural color 
information are weighted according to the result of 
multiplication of plural coefficients which are variably 
set according to the mutually different plural hue 
components of the video signal, and the gain control 
signal is calculated according to thus weighted plural 
color information, whereby the white balance is stab- 
ly controlled despite of the movement of object, 
variation in image frame or variation in color tem- 
perature. 
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